Can You Earn a Ph.D. in Economics in Five Years?
In spite of the fact that the median time-to-degree for economics Ph.D.s was near 5.5 years in 2002 and appears to be rising (Stock and Siegfried, 2006) , some students can and do earn a Ph.D. in economics in five years. Of an initial cohort of individuals who began Ph.D. study in economics in fall 2002, 27 percent had a diploma they could display on their office wall by fall 2007.
Economics Ph.D. programs often claim that a degree can be earned in five years.
Students who take more than five years incur high opportunity costs of remaining in school, as their peers frequently take jobs paying more than $100,000 annually.
2 Those that never finish also create opportunity costs, for universities, in terms of financial aid and faculty time, and for themselves in terms of psychological costs, foregone earnings, and delayed entry into alternative careers that better match their skills and interests. Aside from the rare prospect of a high-risk admitted student making a seminal contribution to economic research, economics graduate admissions committees prefer to admit students who will eventually earn a degree, preferably in five or fewer years.
I. Completion and Attrition Rates
The goal of this paper is to inform admissions committees and potential graduate students about factors associated with Ph.D. program attrition and completion, in the hope that such information will help admissions committees decide whom to admit and students decide which program to attend. To examine these relationships, we have tracked the progress of all fall 2002 enrollees at 27 U.S. economics Ph.D. programs-a total of 586 individuals-for the past five years. As of fall 2007, we had sufficient information to estimate the proportion of these entrants that dropped out in (or immediately following) their first, second, third, fourth, and fifth years, the proportion that were still working toward a degree, and the proportion that had completed work on a Ph.D. These statistics are reported in Table 1 , categorized by 1993 National Research Council (NRC) program ranks (Goldberger et al., 1995) . Higher ranked programs are over-represented: 22 of the 27 are among the top NRC-rated 48
programs. Because higher ranked programs recruit better qualified students and have lower early attrition, our data likely understate attrition rates for all economics Ph.D. students.
As Table 1 Siegfried and Stock (1999) and Stock and Siegfried (2004) found that Fortunately for the sake of minimizing opportunity costs, most attrition among the cohort occurred in the first two years, with four-fifths of the dropouts leaving by the end of year two. 6 Attrition rises as program ranking declines. First-year attrition is almost nonexistent in "Top-6" programs, but ranges from 11 to 23 percent of entering classes in lower ranked groups. This may reflect better understanding of content in Ph.D. courses among students entering elite programs, leading to fewer early dropouts because program content 3 One unranked program was assigned to Tier 5. 4 Stock, Finegan, and Siegfried (2006) track the rate at which observed dropouts from one program are actually transfers to another Ph.D. program. Their estimates suggest that adjusting for transfers would reduce the twoyear attrition rate in economics by four or five percentage points.
5 For a sample of 1001 individuals who entered one of six unidentified economics Ph.D. programs between 1992 and 2000, the Council of Graduate Schools (2008) found that, after five years, 33 percent had earned their degree, 25 percent had dropped out, and 42 percent remained at work. These outcomes are close to what we find for students enrolled in nine of the top-15 (Tiers 1 and 2) (NRC) ranked economics programs. 6 In a study of students who entered Ph.D. programs in economics, English, mathematics, and physics at Cornell University from 1962 -1986 , Ehrenberg and Mavros (1995 found that approximately half of all people who dropped out in the four fields did so within their first two years of graduate school.
fails to meet their expectations (e.g., emphasis on mathematics versus emphasis on applying economics to "real world" problems [Stock and Hansen (2004)] A larger proportion of the entrants remain in their programs after five years at both Tier 1 and Tier 2 institutions because the decline in attrition associated with higher ranked tiers is larger than the rise in completions. Tier 1 and 2 programs appear to be more "efficient" than programs in lower ranked tiers because of their ability to avoid attrition and move their students on to graduation and employment. For this reason we group Tier 1 and Tier 2 programs together when estimating attrition and completion. Similarly, because five year completion rates of students in Tier 3 and Tier 4 institutions are similar, but those for Tier 5 students are much lower, we group programs in Tiers 3 and 4 together; we use that group as a benchmark because it is the largest.
II. Predicting Attrition
Earlier probit estimates (Stock, Finegan, and Siegfried, 2006) to distinguish dropouts from survivors of the first two years in economics Ph.D. programs found that only a few program, student, or financial aid characteristics mattered. Everything else the same, students in Tier 1, Tier 2, and Tier 5 programs, those enrolled in programs where shared offices were available to at least some first year graduate students, students with higher verbal and quantitative GRE scores, and students on research assistantships were less likely to drop out during their first two years.
Estimates analogous to those underlying these preliminary conclusions are reported in column 2 of Table 2 . 7, 8 They differ slightly from the estimates reported in Stock, Finegan, 7 The regression sample omits 16 observations that are missing demographic or GRE information. 8 One could argue that a multinomial logit (ML) procedure should be used to estimate students' status (dropout, continuer, completer) Probit estimates to predict dropouts throughout the first five years of their Ph.D.
program are reported in Table 2 , column 4. They indicate that students enrolled at Tier 1 or Tier 2 programs are less likely to leave by the end of their fifth year of study, and that those that affect completion are not related to attrition (i.e., program-level two year attrition rate, percent of dissertations that are essays, more than five years full financial aid usual, hard and soft completion time limits, pre-thesis research required, and topic-seeking meetings with faculty).
without any first-year financial aid are more likely to drop out than those with financial support. 12 Ehrenberg, et al. (2008) While first-year office access is quite important for surviving coursework and comprehensive exams, it does not improve retention once students get beyond their second year. 16 This may reflect the fact that economics Ph.D. students take similar courses and similar comprehensive exams during their first two years, and begin to take different field courses and conduct independent research as they move through the program, culminating with each student writing a unique thesis. Contact with other students in the program is likely 14 One might speculate that affirmative action is involved in the admission of applicants with lower quantitative GRE scores, but that possibility is not supported by our data. The distribution by race for students who were admitted with quantitative GRE scores under 700 is similar to the distribution by race for the remainder of the sample. Of the 317 students in our sample for whom we know their race (white, Asian, or other), 13.6 percent of the students with quantitative GRE scores under 700 were non-white and non-Asian, compared to 11.1 percent of the students whose quantitative GRE scores were 700 or above, a difference that is not statistically significant at the five percent level. There is also no significant difference among racial groups in the fraction earning a perfect 800. 15 One program, which provides offices only to students with financial aid, had five students enter without aid. 16 Although we did not ask about office access in years after the first, more advanced students generally have better access to office space, in which case there would be little variation among programs.
to be more important when they are facing similar challenges, but diminish in value as their work becomes more independent.
The requirement that first-year students attend research seminars appears, paradoxically, associated with eight percentage point lower retention, although this association is statistically significant at only the ten percent level. We also find no association between first-year class size and attrition, a result that conflicts with Groen, et al. (2008) , who found higher retention in those humanities and non-economics social science Ph.D. programs with smaller first-year classes. This correlation is usually attributed to the prospect that students get more attention in smaller programs. In addition, the insignificant coefficient on individual advisers assigned differs from Ehrenberg, et al. (2007) , who found lower attrition in humanities and non-economics Ph.D. programs that have better advising.
There is also evidence that attrition is related to whether matriculants had a prior (usually master's) graduate degree, a bachelor's degree in economics or math, or certain fields of interest (theory or not). In contrast, Ehrenberg and Mavros (1995) found a lower probability of dropping out for students entering with a master's degree in hand.
Differences in Attrition between Men and Women
The predicted five-year dropout rate is about eight percentage points higher for women than men, although only marginally significant. This simple comparison, however, conceals an important similarity and a number of interesting differences in the structure of the attrition relationship between men and women. Separate regression estimates by gender are reported in Appendix Table A1 .
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The interesting similarity is that attending a Tier 1 or 2 program (relative to a Tier 3 or 4 program) is associated with lower attrition of about 25 percentage points for both men and women. Women, but not men, in private universities experience lower attrition, whereas a significant increase in attrition associated with programs requiring seminar attendance is observed only for men. The separate estimates also indicate that the negative relationship between quantitative GRE scores and the probability of attrition derives more from the women in the sample than from the men.
17 A test for structural differences in the model between males and females cannot reject the hypothesis that all coefficients are the same for the two groups (p-value = 0.23). However, the R-squared values for the separate regressions are about one-third higher for females than males, suggesting that the variables in the model explain more of the variation in attrition among females than among males.
Only women appear to benefit from a double major in economics and math: those who did so have a 23 percentage point lower dropout rate. On the other hand, only men enjoy lower attrition associated with having earned a bachelor's degree from a U.S. economics
Ph.D.-granting university, a Top-60 liberal arts college, a Top-50 foreign university or other foreign university (all relative to "other U.S. schools").
Differences in Attrition by Citizenship
There are also important differences in the structure of the attrition relationship by citizenship (see Appendix Table A2 ). 18 Non-U.S. citizens more frequently attend Tier 1 or 2 programs than do U.S. citizens; they also are older, earn lower GRE verbal scores, but higher GRE quantitative scores. Non-U.S. citizens are also twice as likely to be in programs with no shared office space. Although similar fractions of both groups hold bachelor's degrees in economics, U.S. citizens are twice as likely to have double majors in economics and mathematics. A striking 60 percent of non-U.S. citizens hold advanced degrees when they start economics Ph.D. study, compared to 14 percent of U.S. citizens.
Although eight characteristics are significantly associated (ten percent level) with fiveyear attrition for non-U.S. citizens, and seven with attrition for citizens, only the GRE quantitative score has the same sign for both groups! Ten more GRE quantitative points is predicted to reduce attrition of both subsets by about two percentage points.
Another characteristic has significantly opposite predicted effects: the assignment of individual advisors seems to reduce attrition among U.S. citizens (by 21 points), but increase attrition among non-U.S. citizens (by 19 points). Why this should occur is unclear, but it creates a policy dilemma for directors of graduate studies.
First-year financial aid matters only for U.S. citizens. Americans not receiving financial aid in their first year of Ph.D. study have a whopping 37 percentage point higher probability of dropping out than those awarded teaching assistantships.
Only non-U.S. citizens attending Tier 1 or 2 programs experience lower attrition-by about 30 percentage points-than those at Tier 3 or 4 programs. Attending programs without office space for first-year graduate students appears to be a large, highly significant disadvantage for non-U.S. citizens, increasing their expected dropout rate by nearly 30 percentage points. Perhaps non-U.S. citizens, finding themselves in an unfamiliar environment far from the traditional support of friends and family, rely more on local peer support than do citizens. Adding a year between earning a bachelor's degree and entering a Ph.D. program increases retention among U.S. citizens by about five percentage points.
Finally, only non-U.S. citizens with bachelor's degrees in economics or mathematics are less likely to drop out than peers holding undergraduate degrees in other fields: for this subset, an economics (only) major cuts predicted attrition by about 12 percentage points, while the benefit from a math/econ double major is almost twice as large.
Endogeneity of Financial Aid in Predicting Attrition
Several independent variables in the attrition model are likely to be endogenous.
Obvious candidates are the financial aid indicators, since financial aid likely is awarded on the basis of many of the same factors that affect attrition, as well as on considerations unobservable to us, such as transcripts and letters of recommendation. To address endogeneity, we use a bivariate probit regression approach.
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Following Groen, et al. (2008) , we identify an equation to predict whether each student received any first-year financial aid, using the percentage of the other students that received aid in each program's incoming class as the instrument. This percentage is certainly related to whether a given student receives financial aid, as students in programs that give aid to relatively more students should more likely receive aid themselves, ceteris paribus. It is also not likely to affect an individual's probability of dropping out, as it is based on outcomes for other students at the time of entry into the program. The bivariate probit results are reported in Table 3 , where we also include, for comparison, estimates from an identical probit model that does not control for endogeneity of financial aid.
The bivariate probit estimates indicate that once its endogeneity is controlled, financial aid has virtually no independent association with attrition. The effect of aid observed in Table   2 , therefore, is overstated because it also reflects the role of individual student characteristics . We also took the simpler approach of estimating an attrition model that excludes the financial aid variable, both for the full sample and for a sample that included only students who received financial aid in the first year. The only difference in these estimates is that the coefficient on the GRE quantitative score becomes smaller and insignificant in the restricted sample.
that independently boost retention and concurrently lead to the award of financial aid.
Fortunately, other estimated coefficients from the two models are largely similar, implying that endogeneity does not affect our interpretations of other coefficients in a substantive way.
The only exceptions are that coefficients on Tier 5, years since undergraduate degree, and attended other foreign undergraduate institution, while similar to the original estimates, have either gained or lost marginal significance.
We also report in Table 3 estimates from the first-stage regression that predicts whether each student received any financial aid. Apart from the percent of incoming class receiving aid variable, the only variables statistically significant at the five percent level are the analytical and quantitative GRE scores, both positively related to the probability of receiving financial aid. At the ten percent level, age at entry to program is negatively associated with financial aid, while having expressed an interest in economic theory on one's graduate school application (or not having specified a field of interest at all) is associated with higher probability of receiving aid relative to those expressing interest in an applied field of the discipline.
III. Predicting Completion
Producing economics Ph.D.s faster without sacrificing necessary learning leads to greater efficiency. The target time-to-degree at most programs is five years. Only rarely does anyone complete a degree in three years (none in our sample of 586 succeeded) or even four years (eight in our sample did). Most students finish in their fifth or sixth year.
Our data distinguish the 159 students who completed their Ph.D. in five years from the 229 who were still working toward it at the beginning of year six, and the 198 who formally dropped out of their programs. In Table 4 we report results of probit estimates designed to predict which individuals among the original matriculants complete their degrees in five or fewer years.
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The completion regression includes the full set of variables we used to predict attrition, plus seven other program characteristics that we expect to influence completion rates but not attrition: each program's two-year dropout rate, the percent of a program's dissertations that consist of a set of essays rather than a single-topic treatise, whether students 20 As with the attrition regression, 16 of the 586 observations are lost because of missing data.
usually are awarded aid beyond their fifth year of study, whether the program has a hard (inflexible) completion time limit, whether the program has a soft (flexible) completion time limit (versus no time limit at all), whether a pre-thesis research paper is required in the program, and whether students seeking dissertation topics must regularly meet with faculty in order to identify a topic.
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The two-year dropout rate is included because one might expect surviving students to complete faster when less motivated or less well prepared students leave their program early (i.e., when program-level two-year dropout rates are higher). This could occur either because high attrition instills motivational fear among survivors, or because having fewer students of a given cohort remaining in the program increases the effective faculty-to-student ratio and the attention students receive while writing dissertations. Alternatively, a higher two-year dropout rate may lower the morale of survivors, slowing their completion. Most importantly, however, inclusion of the two-year attrition rate for each student's institution helps control for the fact that dropouts cannot possibly complete their degree, let alone complete it in five years. The results suggest that a ten percentage point increase in the two-year dropout rate for a student's program is associated with an expected six percentage point decline in the probability of graduating within five years, consistent with the "lower morale" hypothesis.
This relationship disappears when the same equation is estimated using a sample restricted to only survivors, however. 22 Apparently, either the hypothesized effects of dropouts on survivors do not exist, or they cancel each other.
Among other program-specific characteristics, only no shared offices and first-year class size are significant at the five percent level. The results indicate that students at programs without any office space for first-year students have a five-year completion probability 25 percentage points lower than students at programs where at least some firstyear students have offices. We also find that an increase of one student in the entering class (where average size is 26 students) is associated with a one percentage point rise in the expected probability of completion. Both the direction and size of this association are surprising. Bowen and Rudenstine (1992) found directly contradictory evidence, attributing higher completion rates at smaller programs to the ability of faculty dealing with fewer students to devote more personal attention to each of them.
Two other program characteristics are significant at the ten percent level. First, despite lower attrition, students enrolled in Tier 1 or 2 programs have a 13 percentage point lower completion rate -perhaps because of more generous financial aid or more active service as teaching or research assistants. Second, requiring a pre-thesis research paper turns out, surprisingly, to be related to a lower predicted five-year completion probability (by 12 percentage points), suggesting that such a paper inhibits thesis progress rather than building a foundation for it. Several undergraduate institutional characteristics also matter. Having Only two student characteristics are significantly associated with five-year completion probabilities (and only at the ten percent level). Males are predicted to have about a six percentage point higher probability of completion than females, while students with bachelor's degrees in economics have about a nine point lower probability of having finished than those with other fields of concentration, notwithstanding lower attrition.
Unlike with attrition, no GRE score is related to completing the Ph.D. in five years.
Neither does first-year financial aid affect completion, perhaps because the amount and incidence of aid may change as students progress through a Ph.D. program.
23 23 As with the attrition model, estimates from a completion regression that includes indicators of specific programs rather than more general program characteristics yield results largely similar to those in Table 4 . Two exceptions are that the coefficient on U.S. Top-60 liberal arts is slightly less significant (p-value = 0.09), and the effect of no aid is larger (-0.115) and significant (p-value = 0.02).
Although our sample is more representative across program tiers, our completion estimates are quite similar to those in Athey, et al. (2007) , who estimated probit regressions to predict completion probabilities for 782 Ph.D. students who entered four Tier 1 economics programs in the 1990s. Like us, they found no difference in completion probabilities based on GRE scores or gender, but found higher expected probabilities of completion for Ph.D.
students whose undergraduate degrees were earned at a foreign university. In some specifications they also found a positive relationship between completion and holding an undergraduate degree from an elite program, although they limit their focus to Top-5 rather than Top-60 liberal arts colleges.
Differences in Completion between Men and Women
As with attrition, we also estimated the completion model separately for men and women. These results, reported in Appendix Table A3 , again indicate marked differences by sex. 24 Females who attend Tier 1 or 2 programs have lower probabilities of completion than their peers at Tier 3 or 4 programs, while no such difference emerges for males. For men, attending programs with no shared offices appears to lower completion probabilities by 24 percentage points. Unlike the findings for attrition, office availability appears to matter more for completion among men than women, although even among women the effect -a nine point lower probability of completion -is marginally significant.
Women who attend programs that require students to pass written comprehensive or preliminary exams before the start of their second academic year have a 21 percentage point higher probability of completion than women in other programs; the effect on males appears to be zero. There is evidence of a "low morale" impact of the two-year dropout rate on completion among women, and, importantly, it persists in (unreported) estimates on a sample restricted to just those that had not dropped out. Again, no association between completion and early attrition is observed for men. It appears that women (but not men) attending programs where students must regularly meet with faculty in order to identify a thesis topic or where the program has an inflexible completion time limit have lower probabilities of finishing in five years. Finally, only for men is a pre-thesis research requirement significantly associated with lower probability of completion. 24 A test for structural difference in the model between men and women rejects the hypothesis that the models are structurally the same at the 0.03 significance level.
Only a few student and prior educational characteristics have much influence on the probability of completion when the model is estimated separately by sex, and strong associations are observed only for men. Men having majored in mathematics have an 18
percentage point lower probability of finishing in five years, perhaps reflecting that while mathematics skills help students in the first years of the Ph.D. program, they are less helpful for finding dissertation topics and writing dissertations because students tailor the style of their theses to the skills at which they excel. Curiously, no such result appears for females with math majors, even though they account for a larger share of all women in our sample relative to men. Finally, men with bachelor's degrees from an economics Ph.D.-granting university or Top-60 liberal arts college have a completion probability advantage of 44 and 59
percentage points, respectively, relative to peers who attended other U.S. undergraduate institutions; but for women with these prestigious degrees there is no completion advantage.
Differences in Completion by Citizenship
Estimates of the completion regression run separately by citizenship are reported in Appendix Table A4 . 25 Unlike for attrition, where the probit predicted retention somewhat better for non-U.S. citizens, the completion model predicts much better for U.S. citizens, as the two pseudo coefficients of determination reveal.
Among non-U.S. citizens, only two program-level variables are significant at the five percent level. Higher faculty-student ratios are associated with higher completion rates, perhaps reflecting the relative value of access to faculty by non-U.S. citizens. More programlevel attrition in the first two years is associated with lower completion probabilities (the low morale effect again) among non-U.S. citizens, but has no effect on U.S. citizens. However, this apparent relationship evaporates when it is re-estimated on a sample limited to survivors.
For U.S. citizens, attending Tier 1 or 2 programs, programs providing no shared office space, and programs requiring a pre-thesis research paper all lower completion. Larger firstyear class size (increasing the probability of completion by three percentage points for each additional first-year student), requiring passing a comprehensive exam to proceed beyond the first year, and having individual advisers for each incoming student are all associated with higher completion probabilities for U.S. citizens.
Male citizens have higher probabilities of completion within five years, but males from abroad have no such advantage. Strangely, U.S. citizens with undergraduate degrees in economics or mathematics have lower probabilities of completion than the 27 percent of U.S.
citizens who majored in something else! Perhaps less undergraduate exposure to economics and mathematics renders such citizens less able to serve as teaching and research assistants, thereby speeding their completion by reducing distractions. In contrast, the much larger fraction of non-U.S. citizens with prior graduate degrees (60 percent versus only 14 percent for citizens) may have made their choice of undergraduate major less important. Finally, not being awarded financial aid during the first year of study is associated with a 19 percentage point lower probability of completion among citizens, but has no impact on completion among non-U.S. citizens. Could it be that foreign born students who are self-financed in their first year bring greater motivation and energy to doctoral studies than their counterparts who received financial aid? This would be consistent with our earlier finding that first-year financial aid had no apparent influence on the attrition of non-U.S. citizens.
Endogeneity of Financial Aid in Predicting Completion
As in predicting attrition, the potential endogeneity of financial aid may produce inconsistent estimates of completion. We again address this issue by estimating a bivariate probit model that includes program-level financial aid availability to identify whether a student received financial aid in their first year of Ph.D. study. Although most coefficients in the bivariate probit regression are qualitatively consistent with those reported in Table 4 Regarding financial aid, we find that U.S. citizens who receive first-year aid are less likely to drop out and more likely to complete their degree within five years; the effect on attrition is larger than the effect on completion. This is consistent with the results of Groen, et al. (2008) , who find that more generous financial aid has a larger impact on reducing attrition than on encouraging completion among humanities and social science Ph.D. students (most of whom are U.S. citizens). Ehrenberg, et al. (2007) note that while financial aid affects attrition among the humanities students in their sample each year, it begins to improve graduation probabilities only in year six, a year beyond that for which we (so far) have data on the entering economics Ph.D. class of fall 2002. Importantly, we believe, controlling for the endogeneity of financial aid suggests that aid has little effect on either attrition or completion independent of the differences in personal characteristics between students who are and are not awarded financial aid.
The empirical estimates do not provide much guidance about how to improve U.S.
economics Ph.D. completion rates. One reason is that different characteristics are associated with completion probabilities for women and men, and for citizens and non-U.S. citizens. It appears that increasing cohort size would help (at least for U.S. citizens), although how and why is a mystery, since the usual hypotheses about cohort size imply higher completion rates for smaller rather than for larger cohort sizes. Avoiding situations where no students (especially men and U.S. citizens) have access to shared offices seems to be important for both retention and degree completion, and might be singled out as the most obvious policy change that we could recommend for those programs that do not currently provide space for their first-year economics Ph.D. students. On the other hand, the narrow scope of this characteristic, together with its frequently large probit coefficient, suggests that it may be a proxy for much broader policies, including the amount of resources devoted to the Ph.D.
program and the degree of faculty commitment to the early integration of entering students into that program. Our results also suggest that completion rates could be increased by Giving more admission preference to applicants who earned bachelor's degrees at one of America's selective liberal arts colleges might improve completion rates a bit. But, in the end, it appears that many considerations unique to individual students and faculty that we cannot measure -such as ambition, motivation, persistence, organizational skills, and the creativity of students, and interest in students' success as well as mentoring and motivational skills among graduate faculty -matter more than the myriad of characteristics we were able to measure, which collectively account for less than 15 percent of the variation in completion among students. Attrition, still in program, and completion rates are all calculated relative to the original population of entering students (N=586), and are reported as percentages. The > and < superscripts indicate that the rate is statistically different from the rate for the rest of the sample at the 0.05 significance level (two-tailed tests). Table 2 -Predicting Attrition, probit regressions (Dependent Variable = 1 if student dropped out) dropout a Reports predicted change in the probability for a one-unit change in the independent variable at the mean. Asterisks indicate coefficients with p-values less than 0.05 (**) and 0.10 (*). Z-statistics are adjusted for heteroskedasticity. Pseudo R-squared a Reports predicted change in the probability for a one-unit change in the independent variable at the mean. Asterisks indicate coefficients with p-values less than 0.05 (**) or 0.10 (*). Pseudo R-squared b The > and < superscripts indicate that the mean is statistically different from the mean for the rest of the sample at the 0.05 significance level (two-tailed tests).
a Reports predicted change in the probability for a one-unit change in the independent variable at the mean. Z-statistics are adjusted for heteroskedasticity. Asterisks indicate coefficients with p-values less than 0.05 (**) or 0.10 (*). 
